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FOREbIOD

This technical report represents the autbors views and opinions
concerning use of composite materials (Sandwich) In the constructicai
and fabrication of mobile military shelters. The discussions within
this report are applicable to shelters that require ittached mwobilizers
which do not fully support the shelter underside. These are predominantly
in use today and apparently will be used in future proorams.

The Information herein contained reviews the aeneral Past history
* of sandwich construction and incorporates observations of past programs

which revealed specific difficulties and deficiencies of construction.

This report is Intended to be used as a quide for those oroanizations
which have a need for lightweight-hiqh strenqth shelters. It is not the
intention of this article to degrade any specific construction techniques
but rathier to point out construction areas of vital concern which should
be critically considered.

This report is oriented to construction requirements that must be
tailored to specific military specification parameters. All applicable
techniques presently in use today ra'y not be specifically discussed in
the report,, however, observations to date definitely indicate particular
shortcomings in design.

Progress in sandwich construction today is extremely coggetitive,
and use of new materials and adhesives may offer end items which are
both reliable and efficient.

Document contains information embargoed from release to Sino-Soviet
Bloc Countries by AFR 400-10,, "Strategic Trade Control Program.*

This technical report has been reviewed and is appmoed
Approved:

Chief* macon Intel Data Pandling er
Intel iInfo Processing Division

AppueeDM

rcolono.l VWF~ ru
Chief, Intel iInfo Pro Div
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I. I
ABSTRACT

The need for transppftablh shelters today is quite apparent as one
considers the complexity of system requirements in the field of communi-
cations, reconnaissance, and interpretation. Field use of such units
requires exceptional strength while possessing optimum liqhtweiqht
characteristics. Sandwich construction offers these characteristics.
The common cores presently in use are paper honeycomb and modified
polyurethane foam. Both types of cores are in use and both types
of construction exhibit some poor qualities that are inherent in each.
The author wishes to point out the principal desion parameters that
should be of concern to those interested in details of such type con-
struction. The best criteria of shelter evaluation is an established
test program followed by visual observations after field usage relative
to operating time. The presentation herein includes the tw. basic
panel constructions (honeycomb and foam), their merits and limitations,
their application and design requirements within the state-of-the-art
today. Strictly speaking, the foam construction with structural mem-
bers is not in the true sense a sandwich. It is a combination sand-
wich. and internal embers.

h ill/i14



TABLE OF CONTENTS

A. INT_ _UC ION ............ p...... ... too I

B. SHELTER CONSIDERATIONS............................. ........ 2

1. Objective ......... .................................. 2
2. History of Sandwich TypeShelters.................... 2
3. Present Design Criteria ............................ 4
4. Relationship of Shelter Volume, Lenqth & Width.... o.. 9

C. SANDWItH DESI o .............................. 12
1. Introduction ..... .......... o........ .. o............... 12

a. Comparative Data (Honeycomb vs. Foam)o............ 16
b. Panel Restraints ................................. 21
c. Response to Vibration, Shock, & Impact... 21

e. Noise Transmission Characteristics ............... 26

2. Core Properties...................................... 30
a. Honeycomb...... oo.o.....o..o. 3
b. Foam ...................................... #...... 32

D. GENERAL COPN4ETS AND CONCLUS!ONS .......................... 34

Condensed reprint of Lockheed Aircraft article entitled,"*Control of Water Entrapment in C-141 Moneycow Poanels
Reprinted by Lockheed permission.

v)

e . ,°. ..

V!



9 7 0

LIST OF ILLUSTRATIONS

Fign Ti tle i*

MA Panl Cross Sectlems...................................~..... 14

3 Effect of toad Type an ... yo*.. .... .... ..... .. .... ..... 1

4 Varyin~g Concentrated Lcads.........,....................... . 17

S 01"Inat"On Effect ...*....... ............. .. .. . .. .*..*.**.*. ... 18

6 Imset Illustrationm......................................... 20

I Vibration Fixture with Shulter .............................. 23

0 Ob lose "s. Frequency Curve ................................. 28

Table

A Nose Level Flqieot .............

C Proprties of ftycN 31
D Properties of few Cores ..... 6 ............... 33

vi



SECTION A
INTRODUJCTION$

The primary Purpose of this report is Ic n-structiOn as applicable to honeycomb and plasitiicco•iii ress. i=This s•um;-ryincludes the experiences gained from observations of such type strvc-tures subjected to field use as well as PrOtotYPe and production unitsunder various test Programs. It Should be understood that this sumaryincludes opinions of the author anid establishes a concijusion that isbott to military Procurements of shelters. Thisreotis beiaig especially written to support test proram procedwrtsas a check on designs. Complementary to testing is the need for In_formation, obtained on milts that have had field usage. Tests andactual time duration of exposure to all forms of enviran~nt Wswallyare the best criteria for prtdicticn on performance. To itnwVe thatadequate and trouble free performanice is obtained, it is thereforeessential that all factors contributino to the basic Physical effectsof temperature, water, wind, stresses, strains, and vibration artconsidered with relation to time exposure. This report coeslsqnificant aspects of work in this field that has been condticted In thelast decade.

J1
l

mm

l SrCION A•::1



SECTION4 B

SHELTER CCWSIDERATIOWS

1. OBJECTIVE

The w*Jor considerations that must be taken into account when
cemidering hwoumc sandwich design are the WATEP EN4TRAPMEN4T and
delamisation pr~left that may occur after constant field applica-
tion. Recognizing that faiheresand unsatisfactory field reports do,
at tims, conflict with theoretical design predictions, the need for

tes prrmbecom apparient. lm x~ as the use of Kraft paper
:=fcm6type cores appear to be couming back into shelter use. it is

'efty jstifiable that users fully realize the damsoing effects
of waer i papr homeycomb cores. It should be stressed however,

ftat pape himeycomib cores cati be efficiently used in a multitude of
varous applications. Minor as well as majoer differences in design
capebilities will be brought out in a later section.

loth honeycomb and plastic foa cores are herein discussed to
acquaaint the reader with previous performance characteristics. With-
out proper design, quality control, testina, and field evaluation
over a given period of time. certain risks are being taken that van
substatitially increase initial manufacturing costs by virtue of re-
quired increased wmintenance. The major problem wnith saodwlh,1 honey-
coa6 would most likely be WATER PICIRATION which is not inherent in
the unicellular f-oam type panels. Scow uncertainty and risk is en-
c outered when individuals believe that panels can be imaufactured
am "Wasuteed to be hermtically sealed, &nd mainltain that seal

under all environments and isposed mobile conditions.

2. HISTORY

The introduction of Mqhly mobile liqhtwe1Obt shelters into the
military intvetory to homs grsund electronic equimat required de-
sign woisidlertion Of the physical fortes that deploymeat and vsaoe
dictatez. The mobility requivements for shelter& often e&pss these
wilts to cyclic ad seondary stmeses wihich are laortant Is structural
vott. The boadi ofa variety of materials to produce a sandwich in-
variably i==te rolis onthemseand type of adsives in-
volved. The final it=. oust be of a durable nature, swuiehat elastic.
asd possess high ritsotio of Its shape and siae. Careful consideration
of details Is thereor required in the design so ttt the saiduch
structur (shelte) functions so as to meet present military specifica-
tie"s. The applicatiom of forces to such strwctures, *0ich tend to
probtca crick% or separation petvittig Ute entrance of %*ter, is
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likely to lead to significant damage 'that may eventually become a
substan-ial failure. The availability of new mIaterials or new form
of old materials such as a sandwich structure led to development of
lightweight military shelters. The so called helicopter liftable
shelters were originally designed around 1953. At that time various
companies strongly competed in the shelter menufacturino arena. Initial
structural success was iot immediately Obtained till after iehaustive
testing periods. Duiring the perlnd of evaluation of various types of
shelters, the use of foam over honeycomb was generally adopted as the
material Ist likely to meet with success followhny disclosure of
ssparticalar consistent panev failures. Generally. water absorption
into paper honeycomb type panels was quite evident.. Cons~stent ýAa-
mination was prevalent which was a direct result of deterioration of
the honeycomb core. Exaples of panel faillures were observed on ab
honeycomb Aeronca shelter which was tested at RA1C. A prototype
motsular shelter of honeycomb also possessed inherlt deladenation
problems. Project Four Wheels also Lontriscsted to the general wsut;
from honeyclom to foam core types. Getrnmertal water absorption
effects in honeycomb were also evidenced at EROL and &t USASROL.

To ewhasize the injurious effect of moisture on honeycomb, an
actual cast was reported a s follows

During dehuridification tests on an envirou m etal controller,
a Project Two Wheels shelter was used as the controlled area. The
shelter had been used in the field. but wed no evidence of panel
dagems. The panels were constructed of honteycobt paper sande~l c
between aluminum, skins.

The specific test beisog etidncted was to maintaint 80F*and
50% Relative Humidity in the shelter with an outside ahient of
12SF and 29.% Relative Humidity. The enviromental controller-
vaedcd the s~oosible e shesteratused to the rowiled +$W, Tet
the Wlatieveftaid tywould no reduce to the rlquIred 50%. Con-
dersate fmm the evaporator was flowiedo thwrougqh the overflow pipe.
but the elative -Moiwttt remited candwstwt. The envIrwwsnotal
controller-was completely checked: lt frigert t prssures, blower RP.
and the xan s ion valve. All were within oerat o tolerance. The
only sowr of misture left was in the shelter itself. Panls, son,
access ports. tcpo wero er oned without distlosrve of any abpripl
acndithen. Mleally, a hole of *ppvvtu 1y 2 ne•rch ino diameter oas
bored thr*,- the outside skin of a wall panel. Investlatlon Skwd
that the honeycb mwterial was saturated with mwistvre And cfrqbd
under, minor hand probing averents. Wwter was sibly prmesent.
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* ~Nu attempt wai tude to explain hor the material became saturated
but substitution of 4wother like shelter resulted in achievement-'of
the reqired inside conditionsE.

Such results, and other simiVar informatiooi gathpred at the time,
-suited in 3 ter~deicy to l.se foam as the basic core material instead

'_i o pursuine the use of týoneycomb. Foam, Wieng unicellular, exhibited(
no appreciable water absorption d&.-ciewces and possessed high in-

_1V sulative characteristics.

Fkm has been used to a greater extent until recent resurgence of
tose of honeycomb. Mew &-Y~esives and better control techniques used
today may therefore at tn fme contr".ute io iwccessful honeycomb
shelters. Time and usage May Pn~ve t-heir fu*ýl potential; however. the
use of fom construction it iec-'-mieded until such time as honeycomb
units are standardized. The few units, as being produced todayoffer
the most idvanced lightweight high-payload mechanical structure designs
and techniques which have successfully proven their ability in fiell
service operations of all kinds. This type of monolithic construction
made of aluminum skins bonded continuously with epoxy resin and welded
to an integral fromn is~to date,, the best possible lightweight structure
meeting most of the severe test requirements of military specifications.

The use of other shelter panel constructions has been quite limited.
Balsa cores, sponge rubber %yp ,)res and even the wellknw hoecb
core panels have not been predominantly used for shelter applications.
As a result of the many Itest programs conducted in the early years of
evolution of these shelters, "mrerfmiance, requirements today, for almost
any sttlter, revolve around specification MIL-S-52059.

3. PRESENT DESIGN4 CRITERIA

Requi rewtettý for tranportable shelters wO',ch house all sorts of
equipwents involved in o=.iumications, reconnaissance and intelligence,

-4 ~and data processing, are !novrnly established by the military users in
conjunction with eng'"eering assistance from 'ýppropriate government
s'~~ncies. The haroware that is normally produced as a result of
spati-7csttions developed fhrm reauirrtonts, improves with time and
u-sage. At deficiencies develop, the particular problems are dealt
with accordingly anti improvements are nde through specification

Ahlgs Curn p i4tofsu tersare therefore an accumula-
ted refit ~-mt of initial work which was governed by structural en-
ginering Mwalysls based on engineering assumptioris. These specifica-
tions. for sheltersas we know them today, are optimum in design and

ipostess stripgfant rvequiv~mwftts that we know can be ment. A list of
these "iqurewiets is presented so that the resder mky beceme ac-
q uaint~d with tfwe governing factors that contribute to an essentially

4
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reilable shelter as dictated by current requirements. These re-j
quirements may differ slightly for the different services;, however
they. are a representative sample of the basic design needs to satisfy
most u~sers. -

Four basic requirements must generally be fulfilled in the actual
design: these are as fallowi!

a. Structural Design

b. Thermal and Noise Transmissibility

c. Electromiagnetic Shielding

e. Transportability

Stvuctural Desion

There are several types of loads that are imposed on shelters
whici, thtey must withstand without degradation. These loads are the
static loads imp~osed by ice and snow and the internal equipments andI
also the static and dynamic loads caused by constant and buffeting
winds. Included also ame the more critical dynamic loads encountered
in travisportation. These transportation loads will be reviewed under
the transportability section.

The following require-ments art therefore those which have
been established and are consistently used:

(1) Ice Load - 2 tiches of glazed ,ce mimisured radially
Zo allI exposed surfaces. ,i

(2) Snow Load - 40 pounds per square foot (novmlly
applied to roof surfaces).

(3) Wind Load - 87 knots (100.14 iwph) unguyed and 109
knots guyed.

(4) Floor Load .. 150 lb/per square foot (unttormly
distributed) and 250 lb cor.cetrated losds (specified over a smell1 area).

* ~This floor loading is commnly used for shelters in the
81 x 8' x 121 size and has been established for poayloads; up to 5000
lbs. The floor load specified can adeqaately, support 14,40 pounds

wihtany consideration of factor of safety involved for the size
shelter indicated. It was evident that eqipments within these units.1 ~ iormlly approached Otese, loads and therefore set this criteria,
supporte4,of course,by physical testing.
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It should be noted thet in the wind load requilrement, the
siecification of 87 knots for the unguyed condition is slightly
wsis~ding. The condition that actually determines whether guying or
anchoring is required is the resisting moment to overturning. The
resisting ammet is a function of the equipment load and center of
graity within the shelter. If the load is light, then invariably
Vuying way even be necessary at wind loads of say 60 knots.. Sliding
may also occur when total loads are evaluated against wind loads. Air
in motion possesses considerable kinetic energy and is usually defined
as the product of one-half the air density and the square of the re-
sutant design velocity (in this case 100 mph). To illustrate the
force exerted on the side wall of an 81 x 121 shelter,, the wind
pressure may be calculated from the mathem~tical expression

Pw +.0042 V2  where Vis in mph

This expression takes care of the shape coefficient and its simple
deviation is not included. However, the constant .0042 is a coenerally
accepted conversion factor for flat plates as exhibited by a shelter
wall 96 square feet in size.

It is readily seen that for a 100 mph wind the exerted pressure
per square foot is considerable:

Nw~ .0042 x TM 42 lb/ft2

which leads to a 4032 pound force acting on the 96 square feet of
exposed wall surface.

For world-wide use application,, the structure should withstand
temperatures of -65"F to +160OF and inherently imust possess resistant
characteristics to salt fog, fungus, sunshine, sand and dust and
humidity as specified in NIL-STD-810.

In suimmation, and in additionto requirements of mobility, en-
vironment, electrical, etc., the mechanical requirements are numerous
and severe and must be met under all kinds of conditions the equip-
ment may enmiwnter. These requireme.;.ts as employed under m~ost military
specifications incl'ude such tests as:

(1) Shelter drops; flat side, corner and rotational at (a)
Room temperature, (b) low temperature (-651F) and (c) hicah temperature
(1600F).

(2) Transportability

(3) Rail Transport

6
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(4) Vehicular Transport

(5) Three-point suspension

(6) Fording j
(7) Air Tightness

(8) Overall coefficient of heat transfer

(9) Lifting and towing eye tests

(10) Door, roof, access steps, hardware and mounting member
load tests.

Thermal and Noise Transmissibility

The overall "U" factors that are obtainable today generally
range from 0.30 to 0.35 Btu/hr./sq ft./*F and are a function of the
shelter design with respect to materials used. Honeycomb, when filled
with shredded foam, may attain these exact foam values. The number of
openings, louvers, doorways, inlets and other functional features does
have an effect on the overall heat transfer value when comparina shelters.
It is obvious that the better the insulating oedium and the lower the
overall "U" factor of the structure,the less heat will be gained or lost
to the external air and in effect will reduce the problems of temperature
control.

The transmission of noise, both within and external to the
shelters, always poses a difficult problem to cope with' The con-
fined areas generally associated with shelters and the emitted noises
are a consistent source of aggravation to the human operators. Noise
will be simply treated in another part of this report: however, for
information, interior shelter noise level requirements are presently
restricted to those shown in Table A below:

TABLE A
NOISE LEVEL REQUIREMENTS

Octave Band Center Octave Band Sound Pressure Level:
Frequencies (cps) (In Decibels Ref 0.0002 dynes/ci)

63 87
125 77
250 68
500 61

1000 58
2000 55
4000 53
8000 52

7



""Requrments for shielding generally vary based on the
ned for shielding resulting from the type of operation betnq per-
tmoned. Shielding is usually required to protect equipment within
tha shelter from ezternally generated siqnals or to protect Internally
gwenrated signals from being emitted out of the shelter. Shelters are
genera shielded to at least 60 db over a frequency range of 150 KC
t 0 megacycles. This is inherently obtained through todays con-
struction techniques. Higher attenuation requirements, however, will
ipose greater penalties such as increased wight and cost. It is
felt that equipment shielding with a moderate demna on shelter shielding
wuld be amr effective. Shielding characteristics are hicqhly vulner-
able to chanwe since continuity of external skins and door closure
pressures (2tsi) MUST K maintained at all times. Shielding also in-
corporates use of filters and necessary attenuation required for all
openings includIng cable Interconnections, and junction areas.
Shielding requiftrmts are covered under NIL-STD-285.

Transportabl ity

Transportability requirements perhaps Impose the severest
of actions which Involve impacts, shock, and vibration. The shelters
must withstand the shock and vibrations as imposed by Cargo aircraft,
helicopters, railroads and road transportation. In railroad humping
at 9 miles per hour approximately 30 g's of force are imparted to the
test item. In 18 inch flat and rotational drops recordinos of 25 to
40 g's have been established for payloads in the 5000 pound range.
These tests all siuilate, as closely as possible, the conditions ex-
pected to be encountered. Vibration and shock criteria applicable
are subject to met the rigorous stardards of MIL-STO 810.

There are other practical considerations that have been
introduced in the shelter desit field. To ention a few, wight and
sizeaoblkept to a minimum, air tightness is preserved, moisture resis-
tance is required, water fording must be accomplished and varying
altitude and temperature operations mast be included for overall
performance.

These re"qurements are intended to show the high quality
design and components needed to net all the specified conditions
found in numerous shelter specifications today. The shelter must
adapt to these loads and osst withstand the constant abuse, without
structural damage, for as long as its predicted life span.

S: ! --
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Mobility aspects for these shelters must fall within the scope
of NIL-M-8090D. This specification covers four types of general re-
quirements for the mobility of military vehicles, each type being sub-
divided into groups according to the running gear or equipwjnt being
procured.

Type I - Mobility on improved level surfaces.

Type 11 - Mobility over partially impr,)ved terrain.

Type III- Mobility over highways and unimproved terrain.

Type IV - Mobility over snow and ice.

In general, Type I mobility specifies 5 to 7 1/2 mph speeds;
Type 11 speclifis 20 to 6 MAh speeds, and Type III specifies 50 to
60 mph speeds on~ level paved highways.

4. RELATIONSHIP OF SHELTER VOLUMES, LEN(CTHS, AND WEIGHT[
In order to facilitate determination of the probable weight of

a shelter for a given length, width, and height, a trial and error
approach was Indicated. The results of many curves were manipulated
in order to obtain the approximate curves represented by Fig. 1. For
the approximation, definite shelter weight values and volumes Were
known, especially those at the extreme ends of the chart. The shelters
under consideration were those that have been manufactured within the
last three years and included width by height dimensions that ranged
from 7feet by 7footto 8feet x 8feet. The lengths of the units
included those from 12 feet in length to 23 feet in length. The chart
represents bare shelter weights with incorporated plenums and wiring.
With so many varying characteristics for each individual shelter,, such
as removable panels, numer of openings, distribution of equipment loads,
size variation, etc., the problem of plotting such variables with
quantity relationships being noon-linear,, appeared impractical. The
curves were, thearefore, fitted to known conditions and further chocfted
against varying volumes. The resulting curve does.In effect, represent
a good approximation of weight vs. length for different height and
width combinations. Figp. I basically considers present day foamed
shelters with structural wrial Stifftnpigan Integral part of the panels.

* The accompanying Table 8 gives the volumes obtained from external
dimensions of various possible shelter sizes.
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TABLE B .

VOLUME (cu. ft.)

Length 8'x8' 7.5'X7.51 7'x7

12' 768 615 588
"14' 896 686
16' 1024 900 784
18' 1152 1013 882
20' 1280 1125 980
22' 1408 1238 1078 j

As an example, to illustrate the results obtained from the oraph in
Fig. 1, a 7'x0'x12' shelter would welah approximately 1390 lbs. with
a total volume of 590 cu feet. Known shelter weiahts of the Obitle
Wing facility very closely approximate these values. Again, an 81xx12'
shelter would weigh approximately 1500 lbs with a total volim of 770 cu
feet. The weight of a 7.5'1x.5x121 shelter can be obtained in a like
manner from the configuration of the curves. The results appear adequate
for close approximation within tolerable limits for system planninq.

The chart should aid in determining relative sheiter wetihts for
sizes under consideration.

For an accurate and complete shelter corparative analysis, some
critical observations mist be made such as: what are the load carryina
capacities of each unit, what Is included such as wiring, plenus,
Jacks, etc. and also what type of shielding criteria Is involved. Tim
did wot pemit such an evaluation arn curves for honeycomb construction
are also not Indicated due to lack of definite Information.
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SECT ION C

SANDWICH DESIGN
1. ItRUeductlem
A typial design as illustrated in Fig 2 and 2A is essentially

CeON00d Of two Or mIONe materials oriented ana Tj'Fributed in such
a inmnr As to Provide a structural elemont. The core, usually p
low Amnity "terial, MaY be honeYcoo, foam balsa, etc. faced with
Skins mad of netals or plastics. Since mod military shelters of
sSWWCh desigar faced with aluininum skins, the discussions are
concernd Vit.441.1 and cores of honeycom and polyurethane foam
only. The structural performence of such types of sandwich"s is
prImudy dependent upon the ability of adhesives to secure a firm bond
between skins and core. The choice of adhesives used should take into
consideration the application to which it is to be subjected. Varyina
envireematal and mobility conditions such as those generated by military
needs, iqoss severe requirewats, that require high stable banding strengths.
Quality control In the application of 'adhesives reqires strict adherence
to the rules of cleanliness. Metallic surfaces to which bondlnq takes
place should be thorougly cleaned and surfaces adeqpately prtmared to
insvr* no mnti op t of contaminants. In the use of hon~eycomb, as opposed '
to poured foami chemistry, the honeycom cores RMST be accurately machinedto within~ several thousandths of an inch. The machinine process must
be clean to avoid crumling or sliveding of the honeycomb edge which
accepts the adhesive. This control over sized honeyccob must be main-

~ tained to Insure complete surface bond to eliminate possibility of
havi ongaeas of iatobodd surfaces which affect the Initegrity of the
sa"Vech. Fig. 3 illustrates good bonding practice versus a poor bonding
condition. Phenolic Impregnated Kroft hwneycuob Is more economical than
fow when bought as a basic material. This fact my be offset,howevr.
by production t"Mhique rsquiraernts.

In penral. the sandeich element priovides a high strength to weight
ratio structure that has msoy uses for many applicAtions. The strenqth
of thetose A sa ches can be efficiently Increased by increasing core
density (cell size or foam formulation), Increasing surface skin thick-
mess, sandutch thickmnes or any ecobination of core and skin. The choice
to develop strealfts desired is primarily one of design.

Existing shelter stroctures in the field today have more or less
steandrdized op material iumasioms. The dimensions and thicknesses
Pve'dminamtly used haoe been optimized thirough desiqn, tast. and usmq.
Cbm dmnities of 2 to 4 poosid per cubic foct are con0 1With floor
and root sections utiliting the higher dmnsties. Aluuin,. meatllic4skins are 9mneraly .032 thick and the sin*ich is appmroivately
2 to 2 1/2 Inches wi de. Al though suseptible to h'smcture, field repairs

12
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cain be miWN to take com of such occurrences. A thinner skin would
pamcture more frequetly and a heavier skin would add to overall
weight. These dimensional criteria have been established and used to
squvire fte~ strengths desired and maintain the lowest possible structure
wai*,t. No significant changes in reducing the present weight of such

stutresha~veaeen accomplished in the last 10 years.

a. Comparative Data- Foa vs. Hwieycomb

As previously mentioned,, two of the chief types of panel con-
struction used In buillding lightweight mobile shelters are the foam
and honeycomb sandwich designs. Each of these constructions has its
advantaffts and disadva~.tages and the choice depends on a number of
factors, mnamely..

(1)Honyob pitneft are usually thicker than foam panels for
similar service.

(2) Honeycomb panels may be slightly lighter, but this ad-
vantage it 0 te caacelled when each individual cell is filled with
shre~ded foml to get ss good heat transfer values as the foam con- a
struction pemits.

(3) The bond between the metail faces and the core of a honey-
comb panel is asstma~d heavier since the cell openings adjacent to thie
skins have to be %mll filled with adhesive, as illustrated in Fig. 3,
to obtitn transfer of face to core loads. Ippregnated scrim cloths
are Iasf~d to effectively get a good bond. This adds weiqght and cost.

(4) As shelters reiquire sections of incr*&sed strength by
virtue of localized load concentrations,, foam panels allow the use
of stiffening members for thils porpost. Honeycomb panel construction
does not by itself permit strengthening any particular location to
accommodate a concintrated load. See illustcration of Fig. 4.

(5) Panels of shelters arm extremely vulnerable to surface
damae.!n foam panels, breaks or punctores are a minor event as the

47 bay section involved can be easily repaired on site. Punctvros and
breaks in honeycomb pmnelr arm lore serious and if allowed to progress,
the detrimental result is of major proportionLs. Cice moisture i?

~ a(~wtted, an entire panel may be lost aM the use 3f the shilter
may be jeopardized awaiting panel replacemet. These effects are

shown in Fig. 5.
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(6) Honeycomb panels will accept inserts at any locatiom, howeverthe installation is thought to be expensive and time consuming, with theJob requiring a heavy epoxy plug at each insert location. Inserts forfoam panels are quickly and inexpensively installed on basic panel memberswhich may be located anywhere in the panel as dictated by equipment lay-out. See Fig. 6 for insert setting comparison.
(7) The metal faces or skins of honeycomb panels are generallythicker than those used in foam panels to obtain support for the honey-comb cell walls.

(8) Honeycomb panels are usually stiffer than foamed panelsdesigned for the same paervce. stp

(9) In considering costs, it is believed that honeycomb panelsare more expensive than foam panels as delgned for similar use. Unifor-mity of honeycomb construction is more difficult to achieve to establisha good design.

(10) Honeycomb shelters have not been time tested nor have theybeen through specification tests such as the S-141 and S-280 require.
(11) Honeycomb shelters' inherent fragility (9 absorbing quality)requires special shock absorbing skids. Costs and transmissibility ofshock and vibration fleRible skids under drop test has been a factor for

consideration. 

'

(12) Foam panel construction is probably more adaptive to allowfor inclusion of ballistic barriers which provide shelter with a muchhigher resistance to threat from fragment penetration. Using foam,this can be accomplished without sacrificing the panels ability to carryhorizontal shear, a property that resists bending moments.
(13) Honeycomb panels, being stiffer and generally havingheavier face materials than foamed panels, allow for impact forces tobe distributed over a greater core area; thus, larger forces can beabsorbed without core damage. However, if the face sheet is ruptured,moisture amhUissionin time, may destroy the panel unless immediate re-pair is made.

Reference is made to item (6) on inserts. The current use of epoxyplugs used in conjunction with inserts appears to be a laborious, operation.The routino of the honeycomb core* the removal of the routed materialthrough a small opening, the inclusion of the insert into the pottingcompound, and the time required for cure is not an apparent simpleoperation. It is felt that as the requireýnt for Inserts increases,and these are many in some instances, man hours and labor cost increases

19
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could becomefsignificant. Immediate insert applicatior, can not be
made in the field , since approximately 24 curing hours are requiried
to attain full strength.

b. Panel Restraints

Basically there are certain limitations in the de7ign of paoels
that deserve significant recognition. General overall shelter criteria
call for lightweight structure design that implies use of lightweight
panels. This criteria predicts limitations to th~e ruggedness of a
panel and limits the structural strength of parels. S~andmich con-

* struction, as known today, offers high strength to weight ratio designs
that allow for minimal structures weight to meet critical end usage
requirements. It is readily noted that an ine,*ease in weight of panels
by virtue of increase in core density or oo ircrease. in thickness of
the panel or skins would increase both the, ruýgged~ss of the panel
and its structural capability. As time progressed-. and developments
produced the first sandwich coestructed shelters, an a'.erage wall
thickness and skin gage dimensions weant more or less established.
These optimum dimensions were directly relatedi in resronse to providing
a structural capabi lty, low coefficir t of heat~ transmlssion, and
lightweight characteristics to 3uit the military neads.

As a oatter of interest, it should be polutted out that a basic
limitation in regard to honeycomb panels should not be overlooked.
Once such a type panel is ccnstructed for a particular load and weight
distribution, its overall Omensions and veiqht Arl therefore fixed.
Then for a family of such inits, a load carrying capatity should be
established for the design load anti any other lower loads. With in-
serts that can be installed at any. time, shelters can be manufactured
prior to actual knowledge of layout.. However, once heavier loads are
introduced other than that which t.4i pooels have been desiqned fov; a
problem would, in effect, exist. Thicker cores and heavier skin sur-
faces would be required to adapt to the increased load. Moneyci
panels imply that core thicknesses and skin surfaces would vary with
varying load conditions, increasinq shelter weiqht accordlngly If
a standard shelter had to be dosighed to meet the highet load camring
capacity requirement of statistically determined weights, It would

* ~necessarily be of thicker walls and probably weigh wore when too.-
* pared to available foam shelters.

c. Response to Vibration and Shock

(1) Vibration: This section deals with perhaps the first know
test of its kind performed on a complete equipment installed shelter.
The shelter in question is the Image Interpretation Central,, ctmnly
riferred to as the JIC and developed wundr an UAK sponsored contract.
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S The sheltor, of fow•in-place construction, was subjected to a vibration
__ criteria of 15 to 55 cycles per second through a total excursion of 0.015
StInches double Woplitode. The scan from 15 to 55 to 15 cps was accomplished

= in a period of 80 seconds, the cycling being continued for a total time
S~of 46 minutes. The vibration fixture was mounted to the vibration eqluip-

- mt in-the vertical axis as shown in Fig. 7. Vibration pickups were
- looated at various points for all tests performed. The vertical, lon at-

•-- twdtall, and lateral planes were all subjected to the vibrational inputs
as indicarted. The severity of this test did not affect the shelter but,
indicated a multitude of equipment design deficiencies which had to be
subsequently corrected. Data such as this indicated the shelter per-
foruence and its high grade of stability under vibrational forces.

S~(2) Shock: Shock inputs to a shelter, by virtue of railroad
Shumpl.;, inposes approximately a 309 load upon impact and the

S road tests provide further information as to tynes of shock and forces
S~ that arm imported to shelters. These forces gaenerally reach maximum

crests of approximately 24 91s.

It is well to point out that honeycomb shelters are not known
• to have bee subjected to these typ•es of abuses.

d. Quality Control

SThe basic objective of a quality control proglram is to insure

7• a degree of quality which is consistent with intended requirements of
the user. The aspect of qualaty control ws more ste n tfcant in honey-
comb than on foam.
I (1) Honeycomb: To insure uniform qualcty in honeycor cores,

ot 4s important that the raw Kraft paper used tn their construction be
of unifotm quality. This matersal must Fmigt r7ibd standard is wthe
finished product is so largely dependent upon the unvfometi, of itsprtcipal malterial paper. A close quallty control system where eachsbtch of paper received os sampled, tested, and properly stored and

Ionicatedid, ts necessary. There are a number of physicai tests whtch
can be m(de as the stock is received to determne bf a vendor is meetr nspecification requ oirments. These tests should perhaps anclude the

S~ following in the physical category.r(a) tsndtri oneng faper: (ASTP oesitnatton o 685s44) - The

strenth and dimensions of Kraft papers vary consederably wrth the amount
of mosture content they contaon. It ts, therefore, necessary that theuntreated paper be conditnoned prior to boy testona and treateent.

This Ts accomplished in codtivonitn chambers, where both temperatures
and relative humadity can be accurately wontroeled. Here the paoer isheld unthl an sect1brtum condition is reached before testina or ushne

the mutermal.

p.... . ........ cs q y c
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(b) Pooer Thickness Test. (ASTh 0645-SST, Ninthod 0):
The umlfbrulty of thickness in papers is vory important In honeycomb
COTOumtctr slince the strength property is involved. Loss of
required thickness can weaken a section considerably. The test is
accomplished by one of a special type of paper micrometer employing
weul %pecdal discs with tension control so as not to compress the
paper to any appreciable extant in taking measurements.

(c) The Phlen 4r aursting Strurgqth of Paper Test (ASTh
Otsinatin 07"): hissingle test gives more information on the

0 I~cal characteristics of paper than any other individuaal test. It
Willsho th sta~hrequired to puncture paper in pounds per square

Inch,, the mechife and cross-machine direction of manufacture, fibre
direction and fibre length. The test is performed in a special in-
strunnt called a %llen Tester* which may be either hand operated
or m'oer driven. It essentially consists of a two plate ciwmino
fixture, a rubber diaphrep which is actuated hydraulically against the
paper over a I square inch area until the paper ruptures. A qauge in
the " elie line measure the force ii pounds at which the paper
bursts. Examination of the ruptured test speimean reveals the other
Information listed above.

(d) The Scott tensile Test (ASYh Designation 0828-48).:
This test determines the tensile strength of paper. Tests are made
in both the machine direction and c ou-machine direction on strips of
paper 1/2 inches to 2 Inches wide. The specimens are clamed in Jaws
so that the length of paper btem them is at least 5 times the width
but no greater than IS tins the width. The Scott or similar testers
separate the jaws at a constant rate of speed and record the force
necessary to break the paper In poewds, indicated on a dial arranqemeit.

(a) The £lamsdorf Tearing Strength Test (ASTh Designation
DM-"4): The f£Imdorf tester determines the tearing strength of
paper. This lastrt ina swum the tearing strength of paper as
force in Iro to tear the paper in either the machine or cross-machine
direction over a predetemied disatnce. The device is supplied with

4 a cutter to start the tear,, a small paper cutting board with knife and
a spacer block to obtain the correct specimen size. Tables are pro-
vided in order to calculate the force In rmfrom the reading obtained
on the instrumnmt SCSle.

Information onpaper testing apparatus may be made available
from the Now and Fuach C~aqny.

-hese tests are indicated to acquaint the reader -'th
Stailards used ia the paper Inidstry. Inherently, the toler6. ýs aid
controls isvolved in WhoneycAM manufcture for attafiment of a wec
quality product are critical.
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b. Foam: In quality control for foams, the foam material is
generally checked for chemical composition and so marked for mmxina
storage time. Sample pours are tested for cell structure and comressiofl
strenqth. During foaming, mold temperatures and pressures are care-
fully monitored. 1
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a. Noiwo Trwnsimission Characteristics

Trmnssssioe loss characteristics of sandwich or fow core
li"jMwiqht pawels art not easily deter~nable nor siwple. There
is also wnry little literature available for 'vnfenwation in the area
el ictical dewd related te, this type of stf'u2ZWre. The noise reductlon
field is howver vigorouusly treated 'in many texts on vipst other types~
of pamels. It is not Viwe intent herein to elaborate on all the analytical
paraters involved, bat due to the tosic similarity of honeycorb and
fto paws a simple discussicon is offered to show an apparent trans-
Mission loss relationship.

'I* troAnisuizsn loss characteristics for these specific types
at pawils are not simple since the coincideetice f requency (f ) mfay occur

-th audible bands. In the "Woise Reduction" text by Be4ýek, paoe
AýI the critical frequency (lowest frequency at whiich wave coincidence

:GMs) is, sftw by the approx'~.te formiula

C2 fZ~
fc 2T V IF

where:

C speed of soun~dinair infeet persecond

d Rceinter-to-center spacing of surface st'zets in feet

P*total surface mass of panel includinri the core in sltmq
oer square feet

t *thicbwss of one surface iheet in fett

EaYount" ft~ulss for the surface' sieet qiterlal in Pounds
per squiare feet

For a giv'en pawl of ?.S. inch thickoess with altw~nuan skins of

32mils thlcdmss mud aissmulng a honeyctab &r foami core of 2 pmands per
coie foot density, both structural elemets behave as a single paw",
with the -qiven equation for fc yields approximately 123 mps and i s
%*pI Icable to both typus of pvP13.

d 2.5 in O.ZM ft.

t *0..032 io 0 .0024 ft.

c *1128 ftfhec

I 10O0.0m~l0 lb/irt* 1.440.000,000 O/Ft-'
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ris derived as follows:

For Aluminum Skins (density- .101 pounds per cubic inch)

2 x .032 in x 144 in 2 x 0.101flb

sA . .. ftsec-

(2) (.032ý)(144) (.101) .14.

or 0.14 slugs/ft 2

0012 lb x 2.5 in x 144 In2

T"-3~sC " - .z ft/secc

. .oKoA lb-e..-

f-V

or 0,C134 sluqs/fO-

T~f•,• •Sa MSA + MSC

- 0.14 + 0.0134

- 0.1534 sluqs/ft,

Now

(1128)2 (2) (0•13)c"[2)(3.14)(Io.20) V (O.Ow) (•M -'4007

- (960o.oo)(0.000281)

123 c•s

This low vvlue for (fc) indicates that reduced transmission loss
will hold thro&eh the speech bond (SCO,1000.?000 cps Octaves). The effect
of this reduced performwce n a soud barrier is illustrated on pame
287, Beranek. 'Noise Ieduction'. In the reqion above (fct), da•tna is
a major contributor to any tranmwission loss. Control of the dptinq
characteristics of fow materials has been reedily achieved by varistions
in cMigsiti on.
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The plotted data as show in Fig. 8 was taken with a GR-1558-
AP Octave band analyzer. The 1lo and uneven losses were anticipated
for such a lightweight and irraqular structure (e.g., many brackets,
channetls, etc.). The curve given for honeycomb panels appears to
be in error and is, in light of th• uniform 3db per octave slope,
probably somewhat imaginative. (See note below)'

It c-. be concluded that, with all available data, the foam
panel may be designed to be more efficient as a 3ound barrier, but not
to the extent of having high superiority. The lack of information in
this area is consistent with shelter manufacturers' reluctance to
submit definitive data.

The recorded data for a foam type panel is indicated below:

Octave
Band Reading Reading
Frequenc Inside Outside Loss

CPS SPL(db) SPLt(db) (db)

31.5 67 76 9
63 78 86 8

125 73 82 9
250 77 88 11
500 72 86 14

1000 72 85 13
2000 61 75 14
4000 59 73 14
8000 50 68 i8
16000 50 53 unk
A 4 88 14

ALLýASS 82 93 11

The NR obtained Is eq uivalent to transmission loss since
special inteqration at close proximity to the panel was used for all
reading.

NOTE: It should be understood that the curve #s plotted in Figure 8
should not be compared for evaluation, since the upper honeycomb curve "
is the only representative data available, and as stated before, is
erroneous. It is quite possible that it would fall below or close to
the foam type curve. The illustration suggests only what may be expected
in current data.
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2. ,Zore Properties

a. H6^eycw6ti Honeycomb cores designed for shelter structures
are phenolic resin impregnated Kraft paper base matterials. The weiaht
of the paper and the resin content mdv vary depending on whether the
panels ane for the floor, roof, sides, ends, or doors of tie shelter,
In gerrital,, there are two types or gra~es of treated com. material used,
the 60 pound and fb 125 po~und paper, each of which may be impreonated
2lth phenolic re.ýn contents of 10-12% or 18-20%. Mo~st ivarels utilize
U*~ higher resin content for the floor and roof nanels with the heavier
base paper, while the vertical panels mnay be either, dependino utbon the
strength requirements man the weioht limitations of the shelter.

Honeycomb core material combines strength, stiffness and
insulating properties in a lightweight structure.

For property data, see Table C. (Values shown are subject
to variance as literature is not consistent.)
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TAB~LE C

PROPERTIES OF HONEYCOMB CORES

Material: 60#-20 Type 30 1259-35 Type 20

Density, lbs/cu.ft. 2.1 3.6

Compression Strength, psi) 0%R.H. 150 4601

* )50%R.H. 120 340

)JOOZR.H. 36 901

Shear Strength, psi (TI plan) 0%R.H. 75 2051

)50%R.H. 70 192

)100%R.H. 21 74

Strength, psi (ThI plan) 0%R.H. 40 120

)50%R.H. 375 113

Heat transfer, K Factor)

3tu/hr/`sq .ft./F0/in)

For 2" thick)f

1/2" empty cells) .20-.28

1/21' foam filled cells) .12-.17

Transmission Loss (db

*Frequency (CPS) ;00 - 12.5

200 - 15.5

500 - 19.5

1000 - 22.5

Cell Sizes (1/4, 3/8, 1/2, 3/4 and 1 inch)

REF: Aircoinb Test t Tech Data; Zero Mfg. Co.
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(b) Foam: Foam cores designed for panels used in shelter
structures are a relatively new and versatile class of chemical
compounds known as the polyurethanes. Both riqid and flexible plastic
foams am available. The foamed in place construction is usually of the
polyvther isocyanate rigid expandable plastic foam. The combination of
properties of urethane foam makes an ideal construction material for
shelter panels. The material Is lightweight, stable, has excellent
thermal insulation, is a fairly good adhesive and where structural
strength is of imortance, the higher range of densities may be used.

Panels are constructed by:

(a) Pour filling (foaming) the cavity formed by the face
sheets (skins and the supporting frame. Experience in the pre-
treatmmt of the metal parts and the fabrication techniques of venting,
foaming control, pouring and stop curing have made it possible to foam
fill the largest type panels within the state-of-the-art today.

(b) Cutting slabs of rigid~foam to the proper thickness,
size, and shape. Then an epoxy adhesive coating is metered and sprayed
onto the surfaces of the metal and foam to be Joined. Finally, cured
under pressure, the alumfium face sheets, supporting members, thermal
barriers and frame are bonded into a light, rigid, flat and wmootn
surfaced panel. Foam *',isittes from 2 pounds to 10 pounds per cubic
foot are used, sometimes in the sae shelter, depending upon the re-
quirements of the function, weight, location, etc. of the various panels.

See property data Table D.

1,4
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TABLE 0

PROPERTIES OF FOAM CORES

Material: Polyether - Isocyanate carbon dioxide expanded

Machine Mix Slab Stock

Density, lbs/cu.ft. 2.0 4.0 2.0 4.0

*Tensile Strength, psi 46 80 54 94

Coirression Strength, psi1*

10% deflection at R.T. 30 122 34 137

Shear Strength, psi 28 52

Moisture Absorption, lbs!sq..ft. .078 .067 .07 .06

Heat Transfer, K factor

Btu/hr/sq.ft./F*/in .120 .220 .136 .8~0

Stability, 20 cycles Excellent-constant dimensions

1 cycle - 16 hrs at 100*F, lOO%R.H.f2hrs at 159F/6 hrs at R.T.

% Closed Cells 92 90 90 89.7

Sound Absorption, NRC .60-.70 .80-.90 .55-.65 .75..85

Ref: Craig Systems, Inc.
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0. GENERAL CMMENTS AND CONCLUSIONS

Basically, foam type shelters have been tried and tested so thatPer~forance can be predicted with reasonable assurance of meeting present
day criteria. The thermal conductivity or K factors for many formulationsof the polyurethane foams is equal or lower than the K factor for mineralwool-glass or rotk (0.27), cotton fibre bitt (0.26), wood fibre (0.25), ormasonite (0.33). Thus the advantages of good insulating proporties,* low density, combined with high load carrying caoacity, and ability tobe foamed in place make polyurethane foams an ideal material for sand-wich Core application. These structures have been efficiently used and

*. have been built to all sizes ringing from 8 feet in length to 23 feet
in length. The general height and widt-h have been restricted to 8 feet
for accommodation into cargo aircraft.

HYonecmb type shelters were procured in the past on a limited basisand at that time were observed to possess inherent deficiencies. Failuresof facings near edges where concentrated loads were Present often appeared.More often, the presence of moisture within panels was noticeable throuohIncreased shelter weight and panel tests. Admission of moisture intoAhoneycm panels most be prevented. Care and good design should be in-corporated in the fabrication of edge members or the weight advantaaegained through use of sandwich construction may be lost. Subjectionof these shelters to the various critical environments through
A time span, Cannot be over emphasized, sinct time involved in operational* use is still the best index of the qualitv of a honeycomb shelter. As a
result of the return trend to honeycomb, it is becomino increasingly sia-nificant that these types of shelters should undergo complete structural andIclimatic tests. It is recommended that tests be conducted and the be-havior of these units be observed and recorded so that in the event of a
recurrence of old moisture problems, an unnecessary large shelter in-ventory need not be involved. If new techniques and materials do solvethe old problems, the competition is welcomed, which may insure some newinnovations in design.

The higher rigidity of honeycomb panels over foamed panels, consideredan advantage, is offset in a completed shelter since foam constructedpanels in a shelter offer better shock absorbing characteristics, betterthermal properties, as well as slightly better noise absorptioP characteris-
tics.

Your attention is invited to the appendix of this report where recentinformation discloses long standing honeycomb problems in aircraft, and
the approach used in containina these problems, It is ilso importantthat one recognizes the levtl 'or degree ofT 'uality required for aircraftas compared to that required for sheltev;.

H~eating, ventilating and air conditioning guide 1956 Vol. 34 pp 1711172.
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APPENDIX

Control of Water Entrapment
in C-141 Honeycomb Pa.nels

by 1. A. Wilson, Supervisor, Quality Engineering and L. E. Meade, PManager,
Composite Structures Program (condensed)

WATER ENTRY is one of the inherent problems encountered by the entire
industry in the use of honeycoub. During the initial years of honey-
comb~ use in the aircraft field, water was gener~'~ly overlooked ,until
visible external damage was observed. As a result, the airlines--for
exainqle--have, a mandatory maintenance program of water-entrapment-
caused repair or replacement. The airlines have continually monitored
for face sheet delamination, core damage, and corrosion with subserauent
repairs using fasteners or heat for bakinq water out. This activity has
prevented any known accidents due to water e"try.

Loc'Kheed-Georgia extensively reviewed approaches to water entry
control as employed in the in.'istry. It was obvious that more advanced
procedures than those currently in use wre required. One of ;,ur first
steps was to disregard the assumption that a honeycomb sandwich panel is
sealed by its adhesive along the bond line. Use of new specifications
governing the overall process of bonding and sealing honeycomb sandwich
and increased testing, we believe, has made the honeycomb structures on
the C-141 the most water resistant of any currently in use.

IMPROVEMENT IN WATER ENTRY CONTROL has been noticeable through the radio-
graphic monitoring of C-.141 aircraft by Lockheed..Georqia fluality Assurance.
This is particularly significant since the C-141 has more honeycomb
structure than any aircraft flying, and we regard in-service monitoripo
as very important.

By means of laboratory and field testing, Lockhetd-Georois has found
that water can enter honeycom panels by three major methods.

DAMAGE-The first and most obvious occurs when the honeycomb sandwich
* has been damaged by being overstressed or crushed or punctured, or

by having fasteners replaced without resealing or by unintentionally
scraping off the sealant. This type of problem must be controlled
in the field.
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MAYER OMR SHOUD KE REARCD AS SOKTJN TO CONTROL AND NOT TOLCRATE

MRA714NC.Honleycob core, because it is sealed, contains atmospheric
pressure and can cause some blow-out of sealant damnaoe. Afterwards, at
ground level, the reduced pressure in the sandwich causes moqisture-laden
ambient air to enter. This occurs on a cyclic basis. An added worry is
having enough moisture accum'ulate to cause core damane by freezinri when
returnina to high altitudes. The C-141 minimizes this problem by the
use of non-perforated core, with no intercellular connections.

IIICKINC-Due to the use of fabric carriers in the adhesive film~, some
water entry has been found present only in the center of the panels.
These isolated cells caused much consternation until the wickinti orin-
ciple was discovered. Water can enter b 'Y capillary action (wickinri)
along a trimmed edge and travel alona -a carrier fiber or strand until
it reaches a point where the adhesive does not nrovide an entire sheath-
like covering of the fiber. At this point the water enters the cell
(Figures 6 and 7). All trirmed edo~es of panels are sealed on the C-141
to eliminate this type of water entry.

*map

0,

FIM1PE 6 FI(MtPE 7
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Lockheed-Georgia devoted considerable time to monitoring and evaluating
the water entry rate in honeycomb test panels in order to have the ability
to determine the amounts of water entrappd. Obviously the rate of entry
is variable, depending primarily upon such factors as the duage and the
degree of exposure.

the ef~i:ect of gross amuvits of water can hl- detected visually or by
"Ncoinu tapping the honeycomb skin. When these methods reveal water, a
repal:, Or replacement is usually necessary because the panel has dq-
lamination in that area (Figure 8). We do not recommend waiting until

thisoccrsbut prefer to incorporate preventive measures.

I. .4AF

FIGMn a 4
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SIlPMS LOIMIJ TIPE TO DETCT HATER entrap tin d s befont core dtine or
S•|eIainltilon can -owwn- To deltect water e,•,.rapoent at this stao- Lock-

heed ame an mcomIends X-ray methods. ;IthWOu ntft etMoo&j foe water --
• i • 4Itltion ere continually being evaluated. saol-aphtlc rethos e- ti~ue

S to rnItn t best means.

SOw to the posSArr.ltty of core dage, Vv.*e detamtnatiw, atid
5ormTso, LO tI r entry should be retrded .- sbthenq to control and

not to toleratk. When entrapoed water is prcsent, steps should be
ttnke to remove It prior to dmaqe. Water c&. not be allowed to
aeseilate In the honteycomb pane It of contrv4. surfaces even thouqh
within theorethul might wibar.ce tolerancet;,

EPAIA. The best way to rtmve the water is to c't it out the samw w4
it got in, but in Ps accelerated manner. To do t10s, heat is usually
-eqloyed with some enlaroed exit path pretided. After this is do"-.4

renalinq is performed with exact.ng techniques. T recommended metm-ods
snd techniques for repoir of• Lockhied-Aeorgla panels have been diqnated•:'.' in T.O. !C-141A-3. The general w UnW removal metho& are sumrited as
follows:-

.WATER MEPOYAL PNXO RE j
' Once the presence of water has been established:

1. Oril1 #40 holes into cavity cattaininq water ad £ra'f triter as -

2. Remve remi ning moisture -y htatinq to ISO tl(9F for 6-12 1 44flt
A vacuum Ity be used to aid dry.ni, providd car-e is t••e-n not
to collapse core. Low density core (2.3 to 3.4 lbs/ft-l --tinduces
control of vacuau to 10 in Nq msximm.

3. US* radiographic tnsl,'5ction to deterwine exter, moistur- re-
moval.

4. Rebake if moisture is st'll preseit and •e-exai;i¾

5. Repair holes with rivets dipoed in MJI,-S-880Z sealant and sealf-• Ipanml in accordance with d4,,ctions in T.O.1C-14A-3, paying
particular attntictm to resealiro the assembly in the ares(s)

24 .of initial moisture eotry.

"--RPAIR OF OAMEQD WAS
' If damage to bonds and/or core results from the freezing 9 lquid,

da"g. should Ie repaired as prescribec by T.0. IC-141A-3. Repairs
can only be made after water has been remoed.
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CoLmQUSIONS

The inesc*nable fact is that honeycomb sandwich is the best material pre-
sently in use for providing the necessary weight-to-strength ratios re-
quired for modern cargo aircraft. The C-141 uses more honeycomb struc-
ture than any aircraft presently in service--over 600 individual panels
representing approximately 6000 square feet of area.

Although water entry has been significantly reduced, it may still
occasionally occur due to damage, the nature of honeycoub construction

I €- a use, as well as the effect of atmospheric pressure. Water entry
, dprs to be something which can be easily contr.,led bu' should never
be overlooked. By employing a system of preventive control, aircraft
in service Wll have no siqnificant problem as the result of water
?t-entr. Perixt&c P-itoring b:o X-ray will give the necessary information
to detkenie bV-tIthey- &ny water removal cr repair may be necessary.

V Vtcy Lock~d Aircraft Corporation, 1966, *PO reprinted by
Lockheed permtision.*
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TP Co, rative evaluattoi of two types of construction techniques.
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10. AVA ILAUILITY/LIMIYTAION MOTIegS 11115 aoc:aent is subjecto specal expo-rt controls-
and each transmittal to foftign governments, foreign nationals or reprsentatives
thereto may be made only with prior approval of RADC (ENLJ'O, GAF8, N.Y. 13440

11. SUPPL9111141ARY '4OTI* 12. SPO10MORING MLANY ACTIVMY

12. A@SYAACT
The need for shelters tooay is quite apparent as one considers the

complexity of systems v.-quirements in the field of commiunication, data processing,
and reconnaissance and intalligence. Field use of each units require exceptional
strength while possessing optimum lightweight characteristics. Sandwich can-
struction offers these characteristics. The common cores presently in use are
paper hcneycontb and modified polyurethane foams. Both types !-f cores are in
use and both types of construction exhibit some poor qualities that are in-
herent in each. The author wishes to point out design deficiencies that should
be of concern to those Interested in details of such type construction. The
best criteria of shelter evaluation is an established test program followed by
visual cbservatlions after field usage relative to operattng time.
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